tion of a chapter on Interatomic Forces to the first edition of R. H. Fowler's Statistical mechanics. At this period, too, quantum mechanics was discovered and applied to the problems of atomic physics; Lennard-Jones studied this subject for a year (1929) at Gottingen at a period when both Pauli and Heisenberg were there, and introduced the new theories to the Bristol group. He based his own researches more and more on quantum mechanics, apply ing them to problems both of molecular structure and of the solid state. The tradition of the Bristol laboratory for work in the solid state was laid during this time; its potential importance was appreciated by the Department of Scientific and Industrial Research, and Lennard-Jones obtained a grant from that Department to enable him to employ an assistant to work in this field. Harry Jones, now Professor at Imperial College, was appointed and his fruitful work on metals was started under Lennard-Jones. It was in this period, too, that Lennard-Jones began his well-known work on the theory of molecular orbitals in theoretical chemistry, of which he is one of the founders. Indeed the method of molecular orbitals was for some years known as the cHund-Mulliken-Lennard-Jones method'. In 1929 he used the theory in a paper entitled 'The electronic structure of diatomic molecules' to give the first explanation of the paramagnetism of the oxygen molecule, an important pioneering contribution which proved to be the starting point of many later developments carried through in the United States and elsewhere.
In the light of its importance to-day, it is interesting to recall the status in this country of theoretical physics in 1925 when Lennard-Jones was appointed at Bristol. The idea that a man of mathematical training should hold a posi tion in a department of physics was a new one, and research in theoretical physics had in the main been carried out by men attached to departments of mathematics. Lennard-Jones was admirably equipped to prove the value of an appointment of this kind. He had quite exceptional powers of exposition; in his hands the new and strange ideas of quantum mechanics assumed an almost illusory simplicity; and he was extremely interested in experimental science and its relation with theory.
Two years after his first appointment the H. H. Wills Physical Laboratory was completed, the year in which his Chair was established. He subsequently took a leading part in securing substantial endowments for the laboratory, both from Mr Melville Wills and from the Rockefeller Foundation. The Chair which he held received a permanent endowment as a result of these generous gifts and was named the Melville Wills Chair of Theoretical Physics. Moreover these and earlier endowments made possible the creation of research fellowships, some to be held by physicists from outside England, both in theoretical and in experimental physics. The two first appointments were Herzberg and Delbriick, both of whom worked in Lennard-Jones's field of interest.
At Bristol too he showed his ability for administration and his interest in it, taking a full share in the making of policy within the University and for two years acting as Dean of the Faculty of Science.
In 1932 he was elected to the Plummer Chair of Theoretical Chemistry in the University of Cambridge, and at the same time accepted an invitation to become a Professorial Fellow of Corpus Christi College. If in his Bristol appointment he was the first man in this country to hold a Chair of Theoretical Physics within a physics department, certainly he was the first man to hold a Chair of Theoretical Chemistry anywhere in the world. In Cambridge he set out to build up a school of theoretical chemistry in which the concepts of quantum mechanics and of interatomic forces were to be applied to a wide field of phenomena in both physical and organic chemistry. In this he was extremely successful. His pupils include some of those who are now leaders of the subject such as Coulson, Devonshire and Pople as well as those, such as Penney, who came through theoretical chemistry to eminence in other fields. Several of the forty-five papers of his Cambridge period are written in collaboration with one or other of these men. They include a series of papers from 1935 to 1937 on the behaviour of atoms and molecules adsorbed on surfaces, then in 1937 a series on molecular orbitals applied to polyenes and aromatic molecules, then in 1938 with A. F. Devonshire a series on liquids. The series on molecular orbitals was the first to discuss the variations in bond lengths in conjugated and aromatic molecules from a theoretical point of view. The ideas which he used for this purpose have, not unnaturally, been considerably modified since; but the central idea of taking acount of the sigma-bond orbitals in describing the pi-electrons is quite fundamental. His achievement both at this period and after the war lay not only in these published researches and in the help and inspiration that he gave to his students, but also in the masterly and clear expositions of modern ideas in theoretical chemistry which he always gave to research workers on the experimental side of the subject both in Cambridge and in frequent meetings elsewhere.
As a professor of a mathematical subject holding his chair in a department of chemistry rather than in the faculty of mathematics, Lennard-Jones held a unique position in Cambridge. Not only did he have a room in the labora tories-a privilege shared with the Plummer Professor of Mathematical Physics-but he was the head of a sub-department. This meant that in course of time he acquired a staff, small but highly talented, and rooms in which both his staff and his research students could work. The part that he took in the foundation of the mathematical laboratory in Cambridge helped him to achieve this. Before the war the work of his group on molecular orbitals had reached the point where it was clear that mechanical computa tion was becoming necessary. He therefore constructed a small differential analyzer, an account of which was published in 1939. Out of this grew the Cambridge Mathematical Laboratory, of which Lennard-Jones was director in the early years of the war. When after the war M. V. Wilkes took over this laboratory, Lennard-Jones was able to obtain rooms for his staff and students where they could sit and work, hold discussions and drink coffee, and where secretarial assistance was available-all to the immense advantage of the group who were thus constantly in touch with each other, and who, like the members of a good laboratory, felt themselves to belong to a body with a loyalty of its own. One of his great services to Cambridge science was to build up within the framework of an ancient university the organization for theo retical research which was proving itself so successful elsewhere.
In 1946 on his return from war service Lennard-Jones threw himself into the task of building up again his school of theoretical chemistry. About fifteen papers belong to this period, on molecular orbitals and especially on the concept of equivalent orbitals. At this time he seldom had less than fifteen research students directly under him-a very considerable burden. But he was also very active in university policy. With the great expansion in the number of research students in Cambridge, many of them with only slight connexions with existing colleges, he strongly advocated the foundation of a graduate college. In this he was not successful. An innovation, however, which owed a lot to him is the provision of a University combination room, the only place in Cambridge outside the colleges where senior members of the university can meet and discuss their business together over a sandwich and a glass of beer. During the period of expansion after the war he was most concerned to form within the University a body competent to speak on matters of scientific policy, such as the desirable numbers of undergraduates and research students in scientific subjects and the organization of those branches of research which are less closely related to teaching. It was mainly on his initiative that an informal committee of science professors was formed, and Lennard-Jones acted as its spokesman in a long correspondence with the Council of the Senate on these matters. It was his view, in particular, that in any expansion of the University priority should be given to an increase in the number of postgraduate students and to the provision of proper facilities for them both in the laboratories and outside.
In the year 1946 he was knighted, and in the same year he was awarded the degree of Lennard-Jones's work during the war was as for so many others an interruption in his scientific career. At the beginning of the war the writer remembers that he remarked to him rather sadly how much less the theorist had to offer than the experimental man. But before the end of the war, with his wide knowledge of science, his administrative ability and his powers of leadership, he found that he had plenty to offer all the same. Soon after the outbreak of war, the University Mathematical Laboratory of which he was then director became closely allied to the External Ballistics Department of the Ordnance Board, and under his direction a staff was engaged there on problems of internal and external ballistics and other aspects of armament research. During this period he first became a member of the Scientific Advisory Council (S.A.C.) of the Ministry of Supply and of several of its Committees, including the Gun Design Committee, the Unrotated Projectile Propellants Sub-Committee and the Sensitiveness of Explosives Committee. He also joined the Ballistics Committee and Internal Ballistics Sub-Com mittee and became Chairman of them both in June 1941.
In 1942 he was appointed Chief Superintendent of Armament Research, to take charge of the old Research Department (Woolwich) in its new role as the Armament Research Department, and his major contribution to the war effort was his work in this important and expanding research establishment as its technical and administrative head. With his wide background of scien tific knowledge he was eminently suited to this task and although his experi ence of administration had been on the much smaller scale of a university he was rapidly able to get to grips with the details of this large government department. With a staff of over three thousand it is not surprising that he was unable to give any selected technical field particular attention and his work there must be judged by the results of the re-groupings which the chang ing demands of total war made necessary, a task made all the more difficult because his staff were distributed in many groups over the whole of the country.
He set up his headquarters at Fort Halstead, near Sevenoaks, and the changes he made in the administrative machinery have remained a per manent feature of that establishment, in particular in the large extension of its library and its facilities for publishing technical reports and information. He believed that scientists should be encouraged to put their names to the reports they wrote, somewhat against the former traditions of the department. He was able to secure the services of various scientists of distinction to take charge of some of the new groups he set up. One of these, an innovation in the establishment which has proved permanent, was a group for theoretical research in armaments, composed of men with a mathematical background, of which the writer became the first superintendent.
Another important change was the collection into one group under Dr C. Sykes of the various teams working on armour penetration; this was largely responsible for the issue to the Services of armour piercing projectiles much superior to anything possessed by the enemy. From January 1943 he was a member of the Explosives Research Committee of the S.A.C. and he also carried out a complete re-organization of the explosives research side of the Establishment. Later, when W. G. Penney selected the A.R.E. as the department in which to develop and build the first British atomic bomb, he found at his hand an organization easily adaptable to this task, and only as the work expanded was it found necessary to set up a separate establishment.
The staff of the Armament Research Establishment will remember Lennard-Jones as a chief who spared no time or effort in the advancement of the work and for the kindness and consideration which he invariably gave to all with whom he came into contact.
After the end of the war in Europe he remained in the establishment for several months. At this time he was, as a member of the planning committee which made recommendations on the post-war organization of the Scientific Advisory Council, very much concerned with its future and with plans for post-war collaboration between the universities, industry and the establish ment he was shortly to leave. During these few months also, he planned, in collaboration with Professor W. E. Garner, the new Explosives Research and Development Establishment at Waltham Abbey, designed to study the basic and chemical manufacturing problems associated with explosives and propellants. He left the Armament Research Establishment in August 1945 to become Director-General of Scientific Research (Defence) at the headquarters of the Ministry of Supply, a post which he occupied until, in spite of the offer of several positions in government service, he decided to return to academic life at Cambridge in the autumn of 1946. During this time he was largely con cerned with the re-organization of scientific research in the Ministry to adapt it to peace-time conditions, and with re-organization consequent on the merging of the Ministries of Supply and Aircraft Production. His interest in the collaboration between the universities and government establishments continued for many years after his return to Cambridge.
It remains to describe the last months of his life at the University College of North Staffordshire. Lennard-Jones had not intended to leave Cambridge; when he was offered the position of principal of the college he and Lady Lennard-Jones went up to see it, hardly expecting to be more than just interested. But the Keele experiment aroused his enthusiasm and after some months of hesitation he accepted the job. He felt that his experience as a scientist, as an educator and as an administrator could serve him well at Keele and that his deep feeling for the Christian religion would contribute to his task. He was sorry to leave his group of research students at Cambridge; though perhaps not sorry to be relieved of the burden of so large a number. He hoped that he would find time to write two books on theoretical chemistry, one a book addressed to experts in the subject and the other a more popular book meant for experimental workers in chemistry.
O f his work at Keele, so tragically cut short after less than a year, it is probably true that he had three things mainly in m ind: the non-specialized teaching course which is the basis of the Keele experiment; the financial position of the college; and its relations with the outside world.
With his experience of Bristol and Cambridge behind him, one of the urgent tasks to which he applied himself was to devise in the new college an administrative system which would enable all members of the staff to play their appropriate part in the direction of the place, in particular by setting up a number of committees at all levels. At the same time he brought under review the curriculum of the college. A feature of the education at Keele is the course during the Foundation Year, which aims to give the first year student a broad view of human culture and modern civilization. It was clear to Lennard-Jones that a course like this provided the teaching staff with great opportunities, but with dangers as well. At his suggestion a small sub committee was set up responsible for improving the lecture content of the Foundation Year, and at his suggestion two weekly discussion groups, under the chairmanship of tutors of the college, were started for students attending the course. Moreover he was much concerned about the danger that students at Keele, owing to the width of the course, might suffer from an overloaded time-table of lectures and tutorials, and it was again due to his personal intervention that the number of hours devoted to formal instruction was reduced.
He had also to concern himself with the financial affairs of the college and to see that economies were affected wherever possible. He realized that in the early days of a new venture of this kind budgeting for the future was bound to involve much guess work, and that in the early days the essential thing had been to get the college working. But when he became principal towards the end of the third year of the life of the college, the time had arrived when he felt it desirable, on the basis of such experience as was available, to approach the college budget from a more realistic point of view. He devoted a great deal of his time to this particular problem, making it his special task to re-allocate funds wherever it seemed right to do so and to effect as much saving as possible.
He also felt that one of the problems facing a new college was to make itself known. He appreciated the interest felt throughout the country in this new experiment in general education and by written articles, by speeches and lectures and by broadcasting he did what was possible to bring the work and aims of the college to the public notice. During his period of office, too, the college organized a conference of directors of education, a development of a practice initiated the previous year of holding an annual conference of headmasters. In the spring of 1954 he went out of his way to make both headmasters and directors feel at home at Keele and their response and interest showed how his work was appreciated.
He was also very deeply concerned to build up a friendly relationship between the college and the people of the part of the country where the college stands, and both he and Lady Lennard-Jones were most active and hospitable in inviting guests to the Principal's House-staff, students, guests of the college, preachers and many representatives of the social, educational and business life of the area. During his short time as principal he did a great deal to promote good relations between the college and the people of North Staffordshire, who now have a much more sympathetic understanding of what universities in general and Keele in particular are trying to do.
In September 1954 he was President of Section B of the British Association for its meeting at Oxford, and received also from the University of Oxford the degree of Doctor of Science Honoris Causa. In October he was awarded the Longstaff Medal of the Chemical Society for 1954. He died at Stoke-onTrent on 1 November 1954.
